Characterization of Polarized Synchrotron Light
Britny Delp and Jeff Corbett

Introduction
The Stanford Synchrotron Radiation Light accelerates
electrons around a 234-meter circumference ring at
relativistic speeds. The x-ray radiation produced by this
process is used in many fields of science ranging from
materials science to medicine. Thousands of scientists travel
to SLAC National Accelerator Laboratory each year from
around the globe to use the high-resolution x-ray beam.
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The white light beam was passed through a 3 mm slit,
focused with an f=2m lens, filtered to 532 nm and passed
through a rotatable beam polarizer. The resulting light
was measured with a power meter with the polarizer
oriented at 0°, 90°, 45° and 135° from the horizontal.
Next, a quarter-wave plate was inserted before the
polarizer to characterize the degree of circular
polarization (left or right). The measurements were
combined to calculate the “Stokes’ parameters” which
provide a compact description of the beam polarization
ellipse.

Polarization
measurements for
horizontal and
vertical (above), and
right- and left hand
circular (right) as a
function of position.

Polarization
measurements for
45° and 135°
(above) as a
function of
position.

Processed data:
The Stokes’
parameters as a
function of
position (at left)
and the field
polarization
ellipse (at right).

The SPEAR3 Light Source at SSRL

Polarized Light

Polarization refers to the direction of oscillation of the
electric field vector of a light wave, and is generally linear,
elliptical, or circular
as shown at right.
This project aimed
to characterize the polarization of a 532nm wavelength
visible light beam emitted SPEAR3 as a function of vertical
position. As seen in the figures below, the polarized beam
power depends on both vertical position (gy) and wavelength
(w/wc). Visible light is emitted at small values of w/wc (to the
right) and has a wide opening angle gy. These properties
allow us to measure the beam with standard optical
components and compare theory with real data.

Input beam with slits and polarimeter schematic
Power measurements were taken every 3 mm along the
vertical beam height to characterize the spatial
distribution of the polarized light. The measurements
were then processed in MATLAB to provide

• comparison with theory
• calculation of Stokes’ parameters
• visual rendition of the field polarization ellipse
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Conclusions

Overall the measured data agrees closely with theory.
Puzzling phenomena were seen such as power in the
bottom section of the beam is about 10% more than the
bottom. This could be due to beam diffraction, optical
imperfections or dust on the optics before the beam enters
the laboratory. Additionally, due to a small angle mirror
reflection near the source, about 70% of the horizontal
polarization component was lost and a strong phase shift
added. Further experiments will investigate the impact of
mirror reflections on the beam and correlations with
beam coherence.
The results of this experiment are useful for experiments
needing specific types of polarized light; examples include
chirality of organic molecules using polarized x-rays and
dichroic properties of magnetic media.

This material is based upon work supported by the Chevron Corporation, Howard Hughes Medical Institute, the National Marine Sanctuary Foundation, National Science Foundation, and S.D.
Bechtel, Jr. Foundation. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the funders.
The STAR program is administered by the Cal Poly Center for Excellence in STEM Education (CESAME) on behalf of the California State University.

